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The resul ts  of an investi@tlcm conducted in the  Cleveland 
al t i tude wind tunnel t o  determine the performance of 8 Bumblebee 
18-inoh ram j e t  equipped w i t h  a --type flame holder are presented. 
Studiee were made at a pressure  altitude of approrimatsly 
30,000 feet and at ram-pressure ratioa  equivalent t o  eupereaglio 
flight Mach nmibere. 

Keroeene and a m i x t u r e  of 75-perosnt kerosene and 25-perosnt 
propyleae oxide were the two fuels  ueed in evaluating the canbue- 
t i an  performance of the ran je t .  The uae af the keroeene - 
propylene oxide fuel mixture in place ab keroeene impromd the 
mbuet ion  efficiency from 50 to  67 percent at a fuel-air  ratio' 

* 

. of 0.074 and from 39 to 51 percent at a fuel-air r a t i o  of 0,090. 

The higher ccinbuetion efficiemoies attained with the keroeene - 
propylane oxide fueimirture resulted in  improved epeoifio fuel 
ooneumption a d  an increaee in gas total-teunprature ratio, net 
thrust, and net-tbruet ooefficient. When the   fue l  mixture wae 
us&, a reduced apeoif'lo fue l  caneumption of 5.0 pounds of fue l  per 
hour per pound  of net thruat was attatnod at an equivaleat free- 
etream Maoh number of 1.36 and a cambustion effioiancy of 67 percent. 

Sea-level etudiae of a --type ilams holder in a Bumblebee 
18-inoh ran  j e t  indicate prani8h.g perfonnsnce oharaoteriatice  (ref- 
erence I). AP hvestigatian waa oonduoted at the Clevelssd 
laboratory t o  determine the pedonmme and operatiag &aracterlSttoe 

approximately 30,000 feet and rear-presaure ratloe  equivalent to 
eupersoaic flight apeede. The performance of m e  of the beet 
canbinations of can-type flame holder and fuel-injeotlon pattern 
etudied is repor td .  

oi this ram jet and f1-e holder at 8 S-tlhted dtihlb Of - 
. 
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In d e r  to determine  the perf'omanoe improvements that  might 
be obtained by increasing the volatility of the fuel used, the 
inveetigaticm was oonducted with  two fuels, kerosene and a mixture 
of keroeene and propylene oxtde. The additian of propylene oxide, 
a fuel of  high volatility, to the kerosene was expected to Improve 
the mixing of air and fuel  and inorease  the  rate of ohemlcal 
reaotlon  thereby  Improving t h e  gerfamanoe of the oombustion chamber. 

The combuetion-chamber perf'onnanoe results of this iavestigaticm 
are presented in hnne of combuetian eff'lcienoy and gas total- 
temperature  ratio  across  the engine as a function of the  combustion- 
chamber-inlet  variables  of fuel-air ratio,  velocity, and preeeure. 
Reeults obtained of the  over-all  ram-jet perfolmanoe reduoed to 
etandd atmospherio  oonditions  st sea level are presemted in term 
of parameters  that gmeraliee the performance of t he  ram Jet to any 
desired  operating  oondltion. (See references 2 and 3. ) 

The Burablebee ram Jet was installed in the  Cleveland  altitude 
wind  tunnel  above  a 15-foot ohord w i n g ,  whioh was fastened to the 
wind-tunnel balanoe eyetem (fig. 1). Dry air was supplied to the 
engine through an air duct. Air entered the duct  at approximately 
atmospherio preeeure and oould be throttled to the deeired  rsm-jet 
diffuser-inlet preseure. The ram jet  exhausted  dlreotly  into  the 
wind tunael and by varying the preseure altitude,  various  ram- 
pressure ratio8  across the engine oould be obtained. A sealed  slip 
joint  between  the  air  duot and the rm-jet diffuser permitted free 
movement  of  the model. The tunnel  balanoe  eystem oould therefore 
be used to measure thrust. 

The ram j e t  consists  of  a  burner, a water-cooled  combustion 
chamber, and a  subsonic diffuser in which a center body is  mounted 
(fig. 2). The diffuser has an 11.5-inch-diameter  inlet, a W- 
fuser ratio of 1.64, and an over-all length of 9.54  feet. Attached 
to this  diffuser was a constant-area combution chamber 18 inches 
in diameter and 7.12 feet long, having an outlet  diameter of 
17.5 Inches. 

A low-preeeure multiple-orifioe,  variable-area  fuel-distributor 
system, whioh is described in refermce 4, w a s  homed in the 
diffuser  center body (figs. 2 and 3).  his ~ystem wem designed to 
distribute  the f u e l  evenly to a number of fuel-injeotlon  tubes over 
a wlae range of fue l  flows with emall changes in fuel-injeotian 
pressure. The fuel-injection  pattern used In thls  investigation 
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cansfsts of two basic  patteme,  desiepsted 3F and 4,by the Applied 
Physics  Laboratory of John Eopkbs  University, which are alternately 
spaced around the oenter body (fig. 3). The basic  patterm  are 
shown in figure 4. The fuel-injector  tubes had orifice diameters 
of approximately 0.188 inch and the ends of the  tubes were flared t o  
prevent fuel  from dribbljsg along the tubes as it le f t   the   In jeobr  
orifices.  Fuel was injected in an upstream direction 1.42 fee t  Frcgn 
the combustion-chamber inlet  t o  permit  premixing Of the  fuel w i t h  
the  air. The air scoops shown in  figure 3 were not used in th i s  
investigation. 

Mounted on the end of the  diffuser  center body a t t h e  combustion- 
chamber in le t  was the can-type flame holder (fig. 5). The flame 
holder, which was developed by the Cansolldated  Vultee Aircraft 
Corporation, wa8 based on er is t fng  bowledge and experienoe in the 
f i e l d  of turbojet oambustor design. This flame holder  Consists of 
e fuel-fed  pilot stage a t  the vertex of 8 perforated, segmented, 
conical can and was attaohed at  its base t o  the walls of the ccambue- 
t i an  ohamber. A two-pitch  alinement of the  perforatlane wae used. 
The pitch of the  perfmatime i e  defined as the number of spirals 
of perforations along the  axis of the flame holder. Annular slots  
between the segments of the flame holder admitted cooling air. The 
t o t a l  open area of the  perforations and the  annular  Slot8 was 
130 percent of the cumbuprtinn-ohamber cross-eeotional  area. Stainlees 
s tee l  0.042 inch  thick was used to fabricate the flame holder. The 
over-all  length of the flame holder was 48.6 inches. 

Ignition of the burner was provided by the fuel-fed pi lo t  in 
the vertex of the flame holder. Hydrogen was injected  into  the 
p i l o t  burner t o  aid in s t a r t i n g .  The p i l o t  was ignited by means of 
a spark plug. 

The two fuels used in the  investigation were. AN-3’-32, herein- 
after  called kerosene, and a mixture of 75-percent AN-F-32 w i t h  
25-percent  propylene oxide. The lower heating value of the kero- 
sene was 18,500 Btu per pound and 17,150 Btu per p o d  for the 
kerosene - propylene  oxide  mixture. 

The mass a i r  flow through  the engine was computed from t o t a l  
pressures,  static  pressures, and indicated  temperatures measured 
with  a  survey rake mounted dawnstrean of the  afr-duct s l i p  joint  
(fig. 2). Conbustion-chaniber-illlet velocities were computed from 
wall static  pressures measured a t  the combustion-chamber inlet and 
from the air flow. As a check on the  wind-tunnel  balance system, a 
water-cooled conibustion-chaniber-outlet rake of total-  and s ta t ic-  
pressure  tubes was used to obtain  the  jet thrust fo r  some readings. 
No tunnel-balance  data  are  presented for these  readings because they 
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include  the  drag of the caubustion-chamber-outlet rake. Total- 
preeeure  loeeee  across  the  diffuser w e r e  obtained from two  total- 
preeeure 8 m e y  rakee, m e  upstream and the  other  downstream of the 
fuel injectore, as ehown in figure 2. The  ram-Jet  fuel flow wae 
measured  with a rotameter. 

Measured value8 of jet  thrust and gas flaw  were used to compute 
the combuetian  efficienoy and the gas total-temperature  rise in 
accordance  with  the  method8  preeented in referencee 2 and 3. The 
heat  lost to  the  canbustion-ohamber cooling water  was  accounted for 
in the  caloulation of oambuetian effioienoy. This heat loee wets 
computed from cooling-water-flow and temperature-rise  measuremente. 

Engine performance parameters  were  computed by the  methods 
diecuseed in referencee 2 and 3. In ccanputing  equivalent free- 
stream Mach numbere, the loeees acrose a normal shack at the throat 
of an sseumed  convergent-divergent  supereanlc  diffuser of optimum 
contraction  ratio were added to the meaaured  diffuser-Inlet t o t a l  
preeeure to obtain the equivalent  free-stream  total  pressure. 

Data were obtained  at  preeeure  altitude8 from 25,400 to 
30,200 feet. Readings were  taken  over  a range of combustion- 
chamber-inlet  etatic  preesuree from 1871 to 1488  pounds  per square 
foot  abeolute and fuel-air  ratios f'rm 0.074 to 0.092. The inlet-air 
total  temperature was maintained  at 140° * lo0 B. 

The folloprlng symbol8 are ueed In thie  report: 

A oroee-sections1 area, E~LELX% feet 
F- 

CF net-thrust  coefficient, n 

"j jet  thruet,  pounds 

Fn net thrust,  pounds 

. 
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tl 

qb 

8 

7 

fuel-air r a t io  

Mach number 

t o t a l  gressure, pounde per square foot absolute 

total-pressure drop, pounde per equare foot 

total-pressure r a t i o  across engine 

s ta t io  preeeure, pounde per square foot  absolute 

dynamic pressure, pounds per  square foot 

t o t a l  temperature, OR 

velocity,  feet  per second 

air fluw, gounde per second 

fue l  flow, pounds per hour 

r a t i o  of absolute  tunnel  ambient-air  pressure t o  
absolute  etatio  pressure a t  NACA standard atmospheric 
ccmd~t~ons at sea level, p0/2116 

over-all  effiotency,  peroent 

combustion efficiency, peroent 

r a t io  of absolute t o t a l  temperature at diff'user inlet 
to ab80lUt6 s t a t l o  temperature a t  NACA standard ' 

atmospherio conditions at sea level, T1/519 

r a t io  of absolute t o t a l  temperature at combustion-chamber- 
ou t l e t   t o  €abEOlUte total tempratwe at diffuser 
inlet ,  T S ~ ~  

Subscripts : 

0 equivalent  free-stream  conditicn 

1 eubsonlodlfYwer in le t  

2 diffuser  outlet and ccunbuetios-chamber inlet 
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4 combustion-chamber  outlet 

J exhaust-jet  conditione  at  ambient pressure (pj  = po) 

F j/8 jet thrust reduced to NACA standard atmospheric 

P ; l b  net thrust reduced to U C A  standard atmospheric 

Perfonaance  parameters: 

crmdltiona  at  sea  level, p o m e  

condition8  at sea level, pounds 

Wf/(p;l  @) reduced  epecific fuel coneumptim, pounds fuel per hour 

F*/(w,, @) reduoed air specific bpulse, pounds  net t m e t  per 

per gound net  thrust 

pound air  per  second 

Ram-Jet  Canbueticm  Perf'onaance 

'Phe ombustion efficienoy  qb of the rsm jet was markedly 
affected by the following variables : (1) f uel-air ratio f /et, 
(2) cambustion-chember-ixiLet velouity V2, and (3) the fuel used. 
The effect of cherngee in these  variables on the combustion-chamber 
performanoe is  ahawn in figures 6 and 7, where rib and gas total- 
temperature  ratio 7 are presented a8 functicme of f/a with 
keroegne and a mixture of 75-percent keroeene end 25-percent 
propylene oxide as fuels. These figures also give the value8 
of V2 ernd the range of C ~ ~ ~ b U 8 t i ~ m - O h a m b e r - i l 9 t  rstatic pres- 
sure p2 at whioh data were taken. These data were obtained wlth 
the ram jet  operating  at or  near exhaust-nozzle-outlet choking 
CCUlditim8. 

The lean f /a at whioh flame blow-out ooourred wae approxl- 
mately 0.074 and was not notiwably aff'ected  by the fue l  used. 
The rich f/a limft was not detenninsd with  either fue l ,  but 
stable combustion  data were obtained to fuel-air  ratios of 0.092. 
At a given value of V2, the  cambustion  efficiency  gradually 
deoreaeed with increases in fuel-air  ratio  wlth ei ther  f u e l .  This 
decreaae in qb o o c d  beoauee of overenrichment of the fuel-air 
mmure . 



A t  a V2 of agproxhately 245 feet per eecond wlth kerosene at3 
the  fuel, 'lb decreased f'rm approximately 50 percent at a f'uel-air 
r a t i o  of 0.075 t o  approximately 39 percent at a fuel-air   ra t io  
of 0.090 (fig. 6) . When the mixture of kerosene sn8 propylene oxide 
was used. as 8 f'uel, marked improvament of about 10 t o  15 percent in 
canbustian  efficianoy was noted (I l g .  7 )  . Concanitant bcreaees 
in 7 also reduaed the average  value of V2 obtained. With the 
ram Jet  operating at a V2 of approximately 230 feet   per secmd, 
'lb Taxied frm about 67 percent a t  a fuel-air   ra t io  of 0.074 t o  
about 51 percent at a fuel-air ratio of 0.090 (fig.  7(b)). The 
improvement In 'lb obtained by using the   fuel  miI.ture may be partl~ 
attributed to the improved vaporization and mixing of the fuel and 
air resulting from the increased fuel volat i l i ty  through the addition 
of propylene oxide t o  the kerosene. In m experiment reported in 
reference 5, increseing the volat i l i ty  of gasoline by  prShe8ting 
produced a similar improvement in 

A t  approximately oonsternt values of Vz and fuel-air  ratio, 
variaticole in p2 - over the range investigated (1488 to 1871 lb/sq it 
absolute) appeared t o  have l i t t l e   e f f e c t  on qb, as shown in fig- 
ure 8 .  The same inseneitivity of qb t o  varlatims in p2 over 
approximately the same range is reported in reference 6. 

When the ram jet was operated w i t h  kerosene, flame blcm-out 
occurred when p2 was reduced below approximately 1480 pound8 per 
squa.re foot  absolute. A t  this time, the ram Jet was operating 
at  a V2 of about 278 feet  per second, a fuel-air   ra t io  of 0.090, 
and a tunnel a h t i c  pressure po of 650 pounds per aquare foot 
absolute. A t  these condltians, the combustion-chamber-outlet Mach 
number was subsonlo sad very olose to 1.0, Whem the kerosene - 
propylene  oxide mirGure m e  used as fuel, p2 could be reduced t o  
approximately 1220 pounds per  square foot absolute before flame 
blow-out. This blow-out point was observed when the rm Jet was 
operating at a Vz of about 220 fee t  per 8eoond, a fuel-air   ra t io  
of about 0.088, ernd a po of 630 pounds per square foot absolute. 
For these  conditione, Mq wae approximately 0.83. 

Ram J e t  Over-All Perf'ormence 

The highest  equivalent  fres-stream Mach number Mo attained 
w i t h  th is  ram Jet  was 1.42. This mazLmum was not  eet by an opera- 
t ional limit of the englne but by the pumping capacity of the test 
apparatus. A t  t h i s  condition of Mo, a Jet 'thruet FJ of 
1980 pounds was developed by the engine at a pressure al t l tuds of 
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approximately 30,000 feet .  %le value i e  shown in figure g ( s ) ,  
w h l o h  presents  the actual measured Jet’ thrusts esd the  altitudes at 
which these data were obtained. The altftude cceatours axe based on 
the reduced je t   thrust  curve of f igum 9 (b) 

As discuesed in reference 2, the Jet thrust  of a given ram 
Je t  l e  primarily a Ruaction of Mg, pressure  altitude, and the 
total-pressure  ratio  acrose the engine Pj/Po. A sFngle curve l e  
obtained if the quantity F J / ~  l e  plotted a8 a function of % for 
a conetiant value of PJ/Po. Thus the  quantity  Fj/8 is equiva- 
lerrt t o t h e  ses-level jet thrust of the ram jet. The reduced Jet- 
thrust data  F j b  measured by two methods ie shown in figure 9(b) ,  
This figure indioe~tes that the data axe relatively  oonsleteat. In 
the first method, the je t   thruet  of the ram jet was oomputed fKm 
the wind-tunnel-balance data and inlet-manenturn oonsideratlane; in 
the second method, the Jet thrust  was ooslputed from 6n integrated 
average of  meaeured values of t o t a l  and e ta t ic  preseuree at the 
C a ~ b U 8 t i 0 ~ 1 - c h a ~ n b e r  outlet. The maximum FJ/B developed by the 
engine was 6750 pounds. 

The reduced net t ~ u e t  F& and the net-thruert c0eHioien.t % 
increaeed rapidly with (fig. 10). A t  the higheet  equivalent 
free-stream Mach number attained (1.42) and a t  a T of 5.4, the 
net thrust reduced t o  sea-level c m d i t l o m  was 3650 pounde. The 
correslponding CF wae 0.695, At a given value of Mor higher 
values of Fn/8 and % were obtained when the m i x t u r e  of kerosene 
and propylene oxide was used s8 fuel because higher valuee of T 
w e r e  obtained than when kerosene m e  used a8 Azel. 

The reduoed air specific Inpulse Fn(Wa p) and the  reduced 
epeclfic fuel consumption Wf(Fn p) are e h m  in figures 11 a d  12, 
respectively, as. a function of Mo. The reduaed a i r  specific 
impulse of the engine incpased with both and T. The 
maxbum F,/(w, @) waa 49.7 poum~e ~f net thrust per pound of a b  
per eeoond at an Mo of 1.42 and a T of S.4. Because of the 
higher values of T attained when the keroeene - propylene oxide 
mixture was used, higher  values of reduced air speoific impulee 
were obtained. 

Reduced epecific  fuel consumption decreased with inoreases 
in Mo (fig. 12). No curves have been drawn through the data 

in these  quantities caused the data to   scat ter .  A t  &) of 1.42, 
T of 5.4, and qb of 60 percat, the reduced specifia fue l  con- 
sumption was 5.0 pounds  of f u e l  per hour per pound of net thrust. 

bemuse Wf/(F, @) 18 a h 0  a f u n O t i O X l  O f  ’ qb and T and VariatiOIM 

L 
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ImprOVement in Tb with the mixture of kerosene and propylene orlde 
resulted in generally lower value8 of Wf/(Fn f@) them with only 
kerosene. A value of 5.0 pounds of fuel per hour per pound of net 
thrust was attained a t  MO of 1.36, 7 of 5.2, and Tb of 67 per- 
cent when the mixed fuel wa6 wed. 

The improVem.ent in  reduced specific f u e l  eonsumptian with an 
increase in BQ and with the kerosene - propylene oxide f~elmirture 
in place of kerosene is sham in figure l3 in t e r n  of over-all 
efficiency q. A t  MO of 1.36, 7 of 5.2, and qb of 67 percent, 
a maXimun q of 7.0 percent vae obtabed  with  the  kerosene - propylene 

* oxide fuel mixture. As with  the specific-iuel-cons~ption data, no 
ourves have been drawn through the  over-all efficiency data b e a w e  
variations in qb and 7 caused the  data to eoatter. A single 
curve of q can be obtained if qb and T are included in a 
parameter, as suggeetgd in reference 3. 

I 

The effect of on the  total-pressure  recovery r a t io  acrosB 
the engine Pj/ko i e  presented in figure 14. For the range of "J 
and 7 over which the data were obtained, P.J/Po wa8 eseentially 
canstant at about 0.71. No variatian in  PJ/Po with Mo was 
obtained  because the ram Jet  wae operated a t  or near combuetion- 
chamber-outlet choking conditime. Inoluded in P j/kg are the 
aasumed supersonic  diffuser  total-pressure  recoveriee, whioh amoupt 
t o  0.99 at an Mo of 1.40. A discuesion and an evsluation of the 
various  types of preeeure lossee in a ram Jet are given in refer- 
enoes 3 ana 7 .  

Measured total-pressure drop coefficients "/q2 over the 
subsmic  diffuser with the fuel injeotor in place and over the oanbus- 
tion chamber  and the flame holder were obtalnd from drag studies 
without  canbustion. These coefficients are presented in figure 15 
as a function of oombustion-ohamber-inlet Mach number M2. The 
subsonic-diffuser  total-preeeure drop ooefficient  iacreaeed  with M2 
from about 1.35 at M2 equal t o  0.05 t o  about 1.85 at 0.16. Over 
the range of M2, the  total-pressure drop ooeffioient 0-r the 
combustion ohamber and the flame holder was aPProXimat& Canetant 
a t  about 1.5. No measurements of these  pres8ur"rop c 3 0 e f f i O i e n t B  
were obtained w i t h  ombustian. 

The a t  which a ohoking condition at the oombustim-chambm 
out le t  was attained is i l luetrated  in figure 16, which gives  the 
variation of the ultimate exhauet-jet Mach number MJ with Mg. 
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AII MJ of 1.0 ocourred at an of 1.24. Choking oonditilon was 
not reached  at an MO of 1.0 prlmarlly beaeu~ee ab the loee in total 
preeeure through the  engine. 

SUMMARY OF RESULTS 

The following r e s u l t s  were obtained frat cm inveetigatlm of 
the  performance of 8 Bumblebee 18-inoh ram Jet with a can-type 
flame holder, whioh  operated  at a preseure altitude of approxi- 
mately 30,OOO feet and at ram-preseure ratios  equivalent to 
supersanio  flight Maoh numbers with both kerosene and a m i x t u r e  of 
kerosene and propylene oxide ae fiela : 

1. The ombustion efflolenoy -prod when the Beroeene - 
propylene oxide fuel mixture wae eubatituted  for keroeene ae the 
fuel. At a fuel-air  ratio of about 0.074, the oambuletlon  efficienoy 
inoreased from approximately 50 to 67 peroemt and at a fuel-ab? 
ratio of 0.090 the aoenbuetlool afiiciency rrae Inaremaed f k a a  spproxi- 
mately 39 to 51 percent.  Conocmitant Inweasee In the total- 
temperature  ratio  aoroes the engine were 8160 obtained. 

2. At  approrimately  ooastant value8 of combustion-ohamber-l.nlet 
velocity and fuel-air  ratio,  variations tn combustion-ohamber-inlet 
preseure over the range investigated (1&8 to 1871 lb/eq  it 
absolute) appeared to have little  effeot an ccpnbuetiosl efficiency. 

3. The lean fuel-air r a t l o  of approxiPPately 0.074 at whioh 
flame bluw-out  oocurred wae not  noticeably aff'eoted by the fuel 
ueed. No rich  fuel-sir-ratio  limit was determined wlth either 
fuel, but  stable oambuetion data were obtained  at fuel-air ratios 
of 0.092. 

4. The higher aanbuetion  efflcienoiee  attained  with  the 
kerosene - propylene oxide fuel mlrture reeulted in an improvement 
in speoific fuel urnsumption and increasee in gae tokal-temperature 
ratio, net thruet, and net-thruet  coeffioient as ompared with 
those attained with kerosene. When ueing the  fuel mirture, a 
reduced speoific f u e l  coneumptim of 5.0 p o d s  of f u e l  per hour per 
pound of net thrust wae attained  at en equivalent free-stream Maoh 
number of 1.36 apB a ccmb.mtim effloienoy of 67 peroent. 

Flight P r o p u l e l a  Reeearoh Laboratory, 
Hetionsl Advleory ColllDaittee for Aeronautics, 

Cleveland, Ohio. 
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(a) Fuel pattern 9P. 
Figure 4. - Photograph and schematic diagram of fie1 patterns. 



. 



NACA RM No. E8E21 - 19 

-j 

. . . . . . . - 

v 
C- 2oO51 
I 1- 21- 47 

(b) Fuel pattern 4. 

Figure 4. - Concluded. Photograph and schematic diagram of fuel 
pat terns 0 
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. 

0 0 7  .08 .09 0 10 
mel-air ratio, f/a 

(b) Combustion  efficiency. 
Figure 6. - Effeot of fuel-air  ratio and oombustion-chamber-inlet 
veloalty on oombustlon  sfficlenay and gaa total-temperature  ratio. 
Fuel, kerosene; aombustion-ohamber-inlet a t a t l o  pressure, 1488 to 
1871 pounds per square foot r$aolr:te. 
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(a) m s  total-temperature  ratio. 

07 .08 . 09 .10 
F u e l a i r  ra-o, f/a 

(b) Combustion  efficiency. 
Figure 7.  - Effect of fuel-air  ratio and combustion-chamber-inlet 
veloclty on combustion efficiency  and  gas  total-temperature 
ratio. Fuel, 75-percent kerosene and 25-percent  propylene 
oxide; combustion-ohamber a t a t l a  pressure, 1561 t o  1725 pounds 
per square f o o t  absolute. 
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Fuel Fuel-air 
ratio, f/a 

0 Kerosene 0.091 
0 Kerosene and 

propylene  oxide 075 
0 Kerosene  and 

propylene  oxide 003 
80 

229 Combuation-chamber-inlet 
\ '  

Velocity, vz, (ft/88C) 
I h 

U 

60 

229 22 4 

40 
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278 -q.E&7 
20 

absolute 
Combustion-uhamber-inlet a t a t l o  pressure, p2, Ib/sq f t  

L I I I 
l 4 Q O  1500 1600 1700 1800 

Figure 8. - EX'fect of combustion-chamber-inlet  static preasure 
on combustion efficiency at  various values of fuel-afr ratio 
and  combustion-chamber-inlet velocity. 
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2100 

& 
1500 

1300 

U Fue 1 
0 Kerosene (wind-tunnel  balance  data) U 

H H Kerosene and 
propylene  oxide  (wind-tunnel  balance data) 

0 Kerosene (combustion-chamber-outlet rake data) 

(a) Jet  thrust. 

(b) J e t  thrust  reduced  to XACA standard  atmospheric oon- 
ditions at sea level .  

Figure 9. - Effect of equivalent fr?ee-etream Mach number  and prea- 
aura altitude on jet  thrust and reduced Jet  thrust. 



26 NACA RM No. E8E21 

U Fuel 

0 Kerosene (wind-tunnel  balance data) U 
0 Kerosene and 

propylene oxide (wind-tunnel  balance data) 
0 Kerosene (aombuation-chamber-outlet rake data) H 

atano8pherio 

(b )  N e t  thruat ooefficient. 
F i v e  10. - Effeat of equivalent  free-atream ldaoh number, ga8 

total-temperature ratio,  and fuel on reduced net thrust and net- 
thrust  coefficient. 
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Equivalent  free-stream Mach number, Yo 

Figure 11. - Effect of equivalent free-stream Mach number, gas 
total-temperature ratlo,  and fuel on air specif io  impulse 
reduced to KACA standsrd atmospheric conditions a t  aea l e v e l .  
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10 

2 
4 

1.2 1.3 1.4 1.5 
Equivalent free-stream Mach number, Mo 

Figure 12. - $ifeat of equivalent free-stream Mach number, gas total- 
temperature  ratio,  combustion  efficiency, and fuel on a p e o l f l o  fue l  
oonsumptfon reduced to MACA standard  atmospheric  conditions at ma 
l eve l .  
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o Kerosene  (wind-tunnel  balance  data) 
0 Kerosene  and 

propylene  oxide  (wind-tunnel  balance data) 
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Equivalent  free-etream  Mach number, Mo 

Figure 13. - Effect of equivalent  free-stream  Mach  number, 
gas  total-temperature  ratio,  combustion  efficiency, and 
fael on over-all sfficienoy. 
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Fuel 

0 Kerosene  (wind-tunnel  balanoe data) 
u Kerosene  and 

propylene oxide  (rind-tunnel  balance  data) 
0 K O r O 8 e n 0  (oombustlon-chamber-outlet rake data) 

h 

d Equivalent  free-stream Mach number, ?do 
Figure 14, - Effeot of equivalent  free-stream Mach number on 

total-pressure  recovery  ratio acros8 the  engine; range of gaa 
to 

2.0 

1.5 

1.0 
04 .09 .12 .16 .20 
Combustfon-chamber-inlet Mach number, M2 

Figure 15. - Effect  of  combustion-chamber-inlet Maoh number on 
total-pressure-drop  coefficient for flame holder and  subsonic 
diffuser. 
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Fuel 
0 Kerosene (rind-tunnel balance  data) 
n Kerosene and 

propylene oxide (wind-tunnel balance  data) 1 

0 Kerosene (combuation-chamber-outlet rake data) 

1. 1 1.2 1.3 1.4 1.5 ' 

Equivalent f reo-stream Mach number, Mo 

Figure 16, - Effect of equivalent  free-stream Mach number on 
. exhaust-jet Mach numbel.. 
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